Solution-processable do-it-yourself switching devices (DIY devices) based on CuTCNQ metal-organic semiconductors by Ramanathan, R et al.
Thank you for downloading this document from the RMIT 
Research Repository.
The RMIT Research Repository is an open access database showcasing 
the research outputs of RMIT University researchers.
RMIT Research Repository: http://researchbank.rmit.edu.au/
PLEASE DO NOT REMOVE THIS PAGE
Citation:
???????????????????????????????????????????????????
????????
????????????????????
?
??????????????????????????
https://researchbank.rmit.edu.au/view/rmit:46869
Accepted Manuscript
2018. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://dx.doi.org/10.1016/j.apmt.2017.11.004
Ramanathan, R, Pearson, A, Walia, S, Kandjani, A, Mohammadtaheri, M, Bhaskaran, M, Sriram, S,
Bhargava, S and Bansal, V 2018, 'Solution-processable do-it-yourself switching devices (DIY devices)
based on CuTCNQ metal-organic semiconductors', Applied Materials Today, vol. 10, pp. 12-17.
     
1 
 
Solution-Processable Do-It-Yourself Switching Devices (DIY Devices) based 
on CuTCNQ Metal-Organic Semiconductors 
 
Rajesh Ramanathan,* Andrew Pearson, Sumeet Walia, Ahmad E. Kandjani, Mahsa 
Mohammadtaheri, Madhu Bhaskaran, Sharath Sriram, Suresh K. Bhargava and Vipul 
Bansal* 
 
Dr. R. Ramanathan, Dr. A. Pearson, Dr. M. Mohammadtaheri, and Prof. V. Bansal 
NanoBiotechnology Research Laboratory (NBRL) and Ian Potter NanoBioSensing Facility, 
School of Science, RMIT University, GPO Box 2476, Melbourne, VIC 3001, Australia 
E-mail: rajesh.ramanathan@rmit.edu.au; vipul.bansal@rmit.edu.au 
 
Dr. S. Walia, Assoc. Prof. Madhu Bhaskaran and Assoc. Prof. Sharath Sriram 
Functional Materials and Microsystems Research Group and MicroNano Research Facility, 
School of Engineering, RMIT University, GPO Box 2476, Melbourne, VIC 3001, Australia 
 
Dr. A. E. Kandjani and Prof. S. K. Bhargava 
Center for Advanced Materials and Industrial Chemistry, School of Science, RMIT University, 
GPO Box 2476, Melbourne, VIC 3001, Australia 
 
     
2 
 
Abstract:  
The need for technological breakthroughs in materials and device concepts has led to the 
exploration of new materials and processes for device fabrication. There is an emerging 
interest in developing easy-to-use kits that can be used to develop complex devices in our 
backyards. While the availability of DIYbio (do-it-yourself Biology) kits has turned complex 
biology requiring advanced skills to accessible biology requiring minimal skills; such 
concepts remain rather untested for DIYnano-electronics. The current study, for the first time, 
reports a DIY ‘Paste/Cut/Grow’ approach to fabricate solution-processable electrical 
switching devices. We employ routinely available raw materials such as a copper tape and 
surgical blade to avoid complex lithography processes while growing metal-organic 
semiconductor of CuTCNQ as an active component on these devices. The kinetic barriers that 
posed synthesis challenges were overcome by developing a multi-cycling strategy that 
allowed high aspect CuTCNQ electrical switches to be laterally grown across 100 µm cavity 
between the electrodes. These solution-processable electrical switches show consistent 
performance across multiple cycles of testing, offering a new potential of the proposed 
approach in developing complex systems in resource-limited settings. 
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Highlights: 
 
• A simple strategy that avoids complicated lithography to produce solution-processable 
switching devices based on MTCNQ (DIYdevices). 
• We overcome the kinetic limitation on the maximal length of the CuTCNQ microrods 
that can be grown by developing a new approach. 
• CuTCNQ rods of length >100 μm are obtained. 
• The switching properties of these DIYdevices is shown for over 50 cycles. 
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1. INTRODUCTION: 
The strong electron withdrawing olefin 7,7,8,8-tetracyanoquinodimethane (TCNQ), when 
reacted with metals, leads to the formation of metal-organic semiconducting charge transfer 
(CT) complexes of metal-TCNQ (MTCNQ) and its analogues. These materials offer a wide 
range of unique optical, electronic and magnetic properties that can be tuned by choosing an 
appropriate metal species.1-15 Some of the interesting properties of TCNQ-based materials 
include ambipolarity and superconductivity.16-18 Such properties have recognised the potential 
of charge transfer complexes and conducting polymer complexes for exotic applications, 
including 2D electron gases, excitonic insulators, spintronics and quantum Hall effects.19-23  
Copper-TCNQ (CuTCNQ), in particular, has gained remarkable attention due to its ability to 
switch from high to low impedance state under the influence of electrical or optical excitation, 
offering the potential as molecular switches.1,3,5,6,24-28 Given the importance of CuTCNQ in 
electronics, a number of fabrication strategies, such as chemical vapour deposition (CVD), 
spontaneous crystallization in organic solvents, as well as electrochemical routes have been 
established.1-13,29-35 Most of these strategies result in the growth of 1D CuTCNQ 
microstructures (rods, tubes and wires) perpendicular to the surface of the copper substrate.9,36 
Of the several strategies reported for CuTCNQ growth, solution-based processes offer 
scalability, and are therefore highly desirable. However, a major limitation with CuTCNQ 
synthesis is that the length of the CuTCNQ microrods is typically restricted to ~10–15 µm. In 
a solution-based synthesis of CuTCNQ, TCNQ0 dissolved in acetonitrile (MeCN) is reacted 
with metallic copper, resulting in spontaneous redox reaction facilitating crystallization of 
CuTCNQ, as described by Eq. (1): 
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Cu0(𝑠) + TCNQ
0
(𝑀𝑒𝐶𝑁) → 𝐶𝑢
+
(𝑀𝑒𝐶𝑁) + 𝑇𝐶𝑁𝑄
−
(𝑀𝑒𝐶𝑁)  → 𝐶𝑢𝑇𝐶𝑁𝑄(𝑠)    (1) 
However, high solubility of CuTCNQ in the reaction solvent (0.14 ± 0.04 mM in MeCN) also 
causes simultaneous dissolution of CuTCNQ, until an equilibrium state is attained, as 
described by Eq. (2):  
𝐶𝑢𝑇𝐶𝑁𝑄(𝑠) ⇌  𝐶𝑢
+
(𝑀𝑒𝐶𝑁) + 𝑇𝐶𝑁𝑄
−
(𝑀𝑒𝐶𝑁)      (2) 
These competing reactions involving CuTCNQ crystallization and co-dissolution therefore 
pose a kinetic limitation on the maximal length of the CuTCNQ microrods that could be 
synthesized using solution-based routes. In a recent work, we were able to overcome this 
kinetic barrier by developing a bisolvent strategy, such that the presence of water as a co-
solvent during conventional synthesis of CuTCNQ in MeCN dynamically promoted CuTCNQ 
crystallization over its dissolution.37 Such new strategies to increase the aspect ratios of metal-
TCNQ structures are not only desirable for electronic applications, they also remain highly 
desirable for applications requiring high surface area, including catalysis and control of 
pathogenic bacteria.37,38 It is particularly noted that solution-based strategies for CuTCNQ 
synthesis have so far been explored to grow these structures perpendicular to a copper 
substrate. For certain applications, lateral growth of CuTCNQ parallel to the substrate is 
advantageous; however, this requires sophisticated and time-consuming techniques such as 
lithography of discrete copper islands of controllable spacing, followed by CVD-mediated 
solid-vapour reaction of TCNQ vapours with copper islands.26,27  
The emerging interest in rapid translation of simple formulations and devices with an ability 
to perform complex tasks from academic/ industrial environments to our backyards, has 
pushed the boundaries of easy-to-use kits.39 For instance, DIYbio (do-it-yourself Biology) is a 
classic example that has turned complex biology requiring advanced skills to accessible 
biology requiring minimal skills.40,41 Such innovative initiatives have allowed amateur 
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hobbyists to set-up biology laboratories in their garages to fuel technological revolutions.40,41 
Similarly, a simple patterning strategy that produces solution-processable switching devices 
based on MTCNQ (DIYdevices) offers a promising avenue to eliminate the need for 
expensive infrastructure and promote technological breakthroughs.  
2. RESULTS AND DISCUSSION 
With this goal, the current study reports a solution-based strategy to fabricate CuTCNQ-based 
switching devices. This is achieved by developing a novel synthesis strategy that allows 
lateral growth of long microrods of CuTCNQ using a DIY PASTE-CUT-GROW approach 
(Figure 1 and Supplementary Information, Figure S1). To fabricate these switching devices, 
we employed routinely available components such as a copper tape, a sharp medical-grade 
blade and a glass slide. For device fabrication, one-sided sticky copper tape (0.05 mm thick) 
is PASTED on a glass surface, and a CUT is made across the copper tape using a sharp razor 
blade. This creates two distinct islands of Cu separated by an approximately ~100 µm groove 
and can be confirmed by measuring the loss of conductivity at the two ends of Cu using a 
standard conductivity meter. This is followed by dipping this set-up in an acetonitrile solution 
of TCNQ0 for 15 min (Figure 1b). As expected, and consistent with our previous reports, the 
spontaneous reaction of Cu with TCNQ0 results in crystallization of CuTCNQ microrods of 
~10–15 μm in length and an average cross section of ~0.5 μm x 0.5 μm with faceted corners, 
perpendicular to the surface of the Cu tape.30-33 Additionally, lateral growth of 
morphologically-similar CuTCNQ on both the cut edges of copper in the groove area is 
observed parallel to the Cu tape. While this lateral growth is interesting, CuTCNQ microrods 
grown within 15 min on the cut edges of copper are not long enough to make an electrical 
contact with the other side. The exposure of the CUT Cu tape to higher concentrations of 
TCNQ solutions and/or for extended periods led to simultaneous dissolution of CuTCNQ in 
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acetonitrile (Eq. 2), and therefore failed to increase the lengths of CuTCNQ microrods. We 
therefore started investigating other possible ways that could break this equilibrium barrier, so 
that longer CuTCNQ microrods that bridge over both sides of the Cu islands could be grown. 
This lateral bridging of CuTCNQ semiconductor microrods across ~100 µm groove is 
essential to create electrical contacts between the two Cu islands to eventually develop a DIY 
switching device. Among various attempted strategies, we noted that the equilibrium state of 
the CuTCNQ crystallization/ co-dissolution could be overcome through exposing pre-
fabricated CuTCNQ to a fresh TCNQ0 solution in MeCN over multiple cycles. As evident 
from the SEM images in Figure 1, when CUT Cu tape is exposed to fresh TCNQ0 solution 
over six consecutive cycles of 15 min each, the length of the CuTCNQ microrods consistently 
increases. For instance, at the end of two growth cycles (30 min), the rod size of the 
perpendicular CuTCNQ microrods increases by 5 μm, while the laterally-grown CuTCNQ 
microrods increases by 5–10 µm (Figure 1c). Such increase is seen with every subsequent 
growth cycle and the increase in the size is more prominent with the laterally grown CuTCNQ. 
By the end of 60 min (cycle 4), the increase in the size of laterally grown CuTCNQ microrods 
starts to result in physical contact between two discrete Cu islands leading to electrical 
conductivity (Figure 1e). However, only small regions of the groove show such contacts (see 
Supplementary Information, Figure S1 for lower magnification SEM images). Further growth 
of 15 min improves the contact between the two Cu islands with an increase in the size of 
CuTCNQ microrods within the groove (Figure 1f). Subsequently, CuTCNQ grew to such an 
extent within 6 cycles (90 min) that these microrods of 50–75 μm length, laterally grown 
across the groove, made robust junctions (Figure 1f). As such, this new strategy offers a 
simple solution-based approach to grow long CuTCNQ microrods, thereby eliminating the 
need for high temperatures CVD growth of these technologically-important materials for 
device fabrications.26,27 
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To understand how six 15 min consecutive cycles of CuTCNQ growth produces much 
lengthier CuTCNQ microrods over a single 90 min cycle, we compared the relative 
consumption of TCNQ0 across multiple cycles to form CuTCNQ (Eq. 1) and its simultaneous 
co-dissolution into TCNQ- (Eq. 2). Figure 2a illustrates the UV-visible absorbance spectra of 
pristine TCNQ0 solution (5 mM in MeCN) and compares this with the solutions obtained after 
reacting a Cu substrate with fresh TCNQ0 solutions for 6 consecutive cycles of 15 min. Two 
notable features in these absorbance spectra include a strong absorption band centered at 390 
nm due to TCNQ0 along with additional rather weak spectral features above 650 nm due to 
TCNQ– species.30,31 Within 15 min of reaction, the absorbance feature at 390 nm remarkably 
decreases in intensity over same concentration of pristine TCNQ0, suggesting it’s 
consumption to form CuTCNQ microrods. When these CuTCNQ-grown Cu substrates are 
exposed to fresh TCNQ0 solutions for five additional 15 min cycles (cycles 2-6), in each 
consecutive cycle TCNQ0 is consumed with decreasing efficiency. The inset of Figure 2a 
shows that some of this CuTCNQ is also simultaneously dissolved to form TCNQ– ions due 
to the high solubility of CuTCNQ in MeCN.30,31 Although the features of TCNQ– ions are 
observed during this new synthesis route, these are extremely weak compared to a single 90 
min cycle. The comparison of cumulative CuTCNQ crystallization over six 15 min cycles vs. 
within a conventional single 90 min cycle further shows that the proposed cycling approach 
allows 2.5 time higher CuTCNQ crystallization (Figure 2b). Interestingly, the cycling 
approach also allows one-third reduction in the overall CuTCNQ dissolution within the same 
timeframe of 90 min in a single cycle (Figure 2c). It is through this combination of enhanced 
CuTCNQ crystallization with a concomitant reduction in its co-dissolution that the 
equilibrium barrier that restricts the growth of CuTCNQ microrods can be overcome. 
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The lateral growth of long CuTCNQ microrods through the proposed cycling approach 
suggests that initially during the first cycle, the nucleation of CuTCNQ crystals occurs on cut 
ends of two discrete copper islands within the groove. Further growth of CuTCNQ crystals 
within the groove during multiple cycles then follows a base-growth mechanism, wherein the 
copper atoms from the copper tape diffuse through the base of the growing microrods to react 
with TCNQ0 in solution.26 This lateral growth of long CuTCNQ microrods between the two 
Cu islands results in stable electrical contact due to the physical contact between the 
CuTCNQ microrods grown from the opposite ends. Incidentally, lateral growth of metal-
TCNQ crystals had previously involved lithographic techniques wherein substrates with metal 
islands were employed as the base and then CVD of TCNQ vapours allowed the synthesis of 
CuTCNQ crystals.26,27 This resulted in a few CuTCNQ crystals touching both the copper 
islands allowing electrical contact. In contrast, the current approach offers a facile ‘paste-cut-
grow’ strategy to fabricate solution-processable CuTCNQ-based DIY devices. As such, the 
current approach allows fabrication of large area network of long CuTCNQ microrods of 50–
75 μm long that creates a highly stable electrical pathway between the two discrete copper 
islands separated by ~100 μm.    
The quality and nature of CuTCNQ microrods grown using this new cycling approach was 
assessed by a number of spectroscopy techniques, including energy dispersive x-ray (EDX), 
Raman, Fourier transform infrared (FTIR) and x-ray photoelectron spectroscopy (XPS) 
(Supplementary Information, Figures S3-S6). EDX analyses of CuTCNQ microrods grown 
across multiple cycles show characteristic energy lines of C Kα and N Kα at 0.277 keV and 
0.392 keV, respectively, both attributable to TCNQ (Figure S3). Additional Cu Lα energy 
lines at 0.93 keV support that these are CuTCNQ microrods. The atomic ratios of Cu to N in 
all samples corresponded to ~1:4, providing the stoichiometric confirmation of the observed 
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CuTCNQ microrods. Raman spectroscopy is a fantastic technique to differentiate between 
neutral TCNQ0 and TCNQ– anion,30-35,37,38 thereby allowing the formation of CuTCNQ to be 
monitored (Figure S4). Pristine TCNQ0 crystals show typical vibrational modes at 1200 cm-1 
(C=C-H bending), 1450 cm-1 (C-CN wing stretching), 1600 cm-1 (C=C ring stretching) and 
2225 cm-1 (C-CN stretching). Following the growth of CuTCNQ, all spectra show red shifts 
corresponding to 70 cm-1 for 1450 cm-1 vibrational bands leading to a new band at 1380 cm-1, 
and 20 cm-1 in the 2225 cm-1 band to 2208 cm-1. These Raman shifts due to the charge transfer 
between Cu and TCNQ is observed in all samples and confirm the presence of TCNQ– in all 
samples as CuTCNQ.30-35,37,38 FTIR analyses confirmed that the microrods present on these 
devices are phase I CuTCNQ, with characteristic vibrational modes observed at 2199, 2171, 
and 825 cm-1 (Figure S5).42 The phase I CuTCNQ is typically obtained in conventional 
solution-based synthesis at room temperature. The presence of only phase I CuTCNQ 
vibrations illustrates that during multiple cycles of synthesis enabling longer CuTCNQ 
microrods, the product does not convert to a phase II CuTCNQ, which otherwise has very 
different electronic properties. In addition, the XPS spectra of Cu 2p core levels show 
characteristic 2p3/2 and 2p1/2 splitting components at 933.7 eV and 953.7 eV binding energies, 
respectively (Figure S6).30-33,37 The absence of signatures corresponding to the shake-up 
satellites ascertains that the copper present in the CuTCNQ microrods is in Cu+ species, and 
not any potentially oxidized form.30-33,37 The N 1s core level XPS spectra of CuTCNQ shows 
a shift towards lower binding energies compared to that typically observed from pristine 
TCNQ molecules.30-33,37 This shift confirms the formation of TCNQ– species during the 
formation of CuTCNQ microrods.  
Organic charge transfer complexes based on MTCNQ (M =Cu or Ag) are known to switch 
their resistivity from a high to low resistance state under an applied electric field.1-3,25,26,28,43 
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Therefore, to assess the potential of laterally grown long CuTCNQ microrods between the 
two copper islands, their I–V characteristics were acquired, with the electrical probes placed 
on the two copper electrodes (Figure 3). The device was sequentially subjected to multiple 
voltage sweeps of +6 to –6 V. Bistable and reproducible switching behaviour with ON/OFF 
ratios approximately an order of magnitude is observed consistently over 60 sweep cycles. 
Such a switching behaviour leads to pronounced hysteretic I-V features in which two 
resistance states can be identified i.e. low (LRS) and high resistance states (HRS).3,26,27  
Previous studies on CuTCNQ have attributed the switching phenomenon to the compositional 
change in the CuTCNQ introduced by strong electric field resulting in the alteration of the 
conduction stacks.26,27 The electric field induces a redox reaction converting CuTCNQ 
(Cu+TCNQ–) to Cu0 and TCNQ0, which builds conduction pathways.26,27 The charge carrier 
mobility in these channels can be controlled using an applied bias, such that the resistance 
state can be switched using an electrical signal.44 This theory was also validated 
experimentally by Kamitsos et. al. using Raman spectroscopy, where neutral TCNQ0 was 
found to be present following the switching cycles.45 The retention of the two resistance states 
that are approximately an order of magnitude apart was obtained at a read voltage of 2 V over 
multiple sweeps as shown in Figure 3b. Additionally, we performed retention studies on the 
laterally grown CuTCNQ devices at a read bias of 2 V. The device shows excellent retention 
characteristics in both its LRS and HRS for at least 104 seconds with only minor fluctuations 
in both states (Figure 3c). The observed I-V behaviour highlights that such uniquely aligned 
CuTCNQ crystals may also have potential to create high performance memory systems. 
However, further work may be required to elucidate the underlying electrically induced 
switching mechanisms, specifically the precise role of Cu0 in the relaxation process, before 
such organic memory systems can be truly realized. 
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3. CONCLUSION 
In conclusion, we have achieved direct integration of CuTCNQ microrods into solution-
processable switching devices by a unique DIY strategy that allows lateral bridging of 
CuTCNQ microrods across a 100 μm gap between two discrete copper islands. We 
demonstrate that the lateral bridge between the two copper islands operates as a bistable 
electrical switch over at least 60 cycles. The simplicity of this method may be useful to grow 
long CuTCNQ microrods using a solution approach on a wide-range of flexible substrates to 
create flexible memory switches. The proof-of-concept DIY device strategy presented here 
exemplifies a step towards the practical applicability of metal-organic charge transfer 
complexes material beyond the confines of academic laboratories. In addition, with rapid 
developments progressing in the field of 2D materials such as mono-elemental ‘enes’,46-49 
oxides,46,50,51 chalcogenides50 and III-IV semiconductors, the ability to fabricate lateral 
devices of CuTCNQ offers remarkable potential in integrating new 2D semiconductors with 
organic semiconductors for next-generation opto-electronics. 
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4. MATERIALS AND METHODS 
Materials: Conductive copper tape (7.6 mm diameter, 0.102 mm thickness), standard 
microscopy slides and single edged razor blade was obtained from ProSciTech; 7,7,8,8-
tetracyanoquinodimethane (TCNQ) was obtained from Fluka; and acetonitrile was obtained 
from BDH Chemicals. Copper tape was treated with dilute nitric acid (Sigma-Aldrich), rinsed 
with deionized water (MilliQ) and dried with a flow of N2 gas prior to use. All other 
chemicals were used as received. 
Synthesis of CuTCNQ in acetonitrile: A strip of copper tape (2 cm long) was first immobilized 
on a glass slide and a 100 µm groove was cut using a sharp razor. This groove created two 
discrete islands of copper which was confirmed with a conductivity meter. This set-up was 
placed in 25 mL of 5 mM TCNQ solution in acetonitrile for 15 min at 60 °C. The surface of 
the copper tape was observed to turn dark purple, indicating the formation of CuTCNQ. The 
growth of CuTCNQ was continued up to 90 min with fresh TCNQ solution added at an 
interval of 15 min across 6 cycles. After each cycle of 15 min, the tape containing CuTCNQ 
was washed three times with deionized water and dried at room temperature. As a control 
experiment, a similar size copper tape was immersed in 25 mL of a 5 mM TCNQ solution in 
acetonitrile for 90 min at 60 °C. Similar to the earlier case, the tape containing CuTCNQ was 
washed three times with deionized water and dried at room temperature. 
Material characterization: The CuTCNQ crystals grown on the Cu tapes were then examined 
using scanning electron microscopy (FEI NovaSEM operated at an accelerating voltage of 20 
kV), energy dispersive X-rays (EDX was performed on an FEI NovaSEM coupled with EDX 
Si(Li) X-ray detector), X-ray photoelectron spectroscopy (XPS - Thermo K-Alpha XPS 
operating at a pressure better than 1×10–8 Torr (1 Torr = 1.333×102 Pa) with core levels 
aligned to C 1s binding energy of 285 eV; the core-level spectra were background-corrected 
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using the Shirley algorithm, and the chemically distinct species were resolved using a 
nonlinear least-squares fitting procedure52), FTIR spectroscopy (Perkin Elmer D100 
spectrophotometer in attenuated total reflectance mode with a resolution of 4 cm-1) and 
Raman spectroscopy (Perkin Elmer Raman Station 200F using an excitation wavelength of 
785 nm, 100 µm spot size). The Raman spectra were background corrected using an in house 
developed smoothing algorithm.53 Switching and retention performance of the CuTCNQ films 
grown on Cu tape was acquired using an Agilent 2912A source meter while employing 
microelectrodes placed on materials at the two ends of the tape during two-probe direct 
current measurements.  
 
Supplementary Information 
Supplementary Information is available online. 
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Figure 1. (a) Schematic illustration of a DIY PASTE-CUT-GROW approach to prepare 
CuTCNQ based switching devices. (b-g) SEM images of CuTCNQ microrods grown laterally 
to the Cu surface within the ~100 μm groove by reacting fresh TCNQ0 solutions with CUT Cu 
substrates for six consecutive 15 min cycles. Scale bars correspond to 50 μm. 
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Figure 2. (a) UV-visible absorbance spectra of acetonitrile solutions of pristine TCNQ0 and 
those obtained after reaction between Cu metal and fresh TCNQ0 solutions over six 15 min 
consecutive cycles or a single 90 min cycle. The absorbance features at 390 nm correspond to 
TCNQ0 species and are therefore indicative of TCNQ0 consumption to form CuTCNQ. The 
absorbance features in the inset at 600-800 nm correspond to TCNQ–, and are therefore 
indicative of CuTCNQ co-dissolution. (b) Relative CuTCNQ crystallization and c) CuTCNQ 
co-dissolution across different synthesis conditions. The ‘empty’ regions of the bars represent 
CuTCNQ crystallization/ dissolution in respective cycles, whereas the ‘striped’ regions 
indicate cumulative crystallization/ dissolution from the previous cycles. 
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Figure 3. (a) Room temperature I/V characteristics of a solution-processed DIY CuTCNQ 
devices. The arrows show the voltage sweep directions. (b) Current density at 2 V over 60 
cycles for the low (LRS) and high resistive states (HRS).  (c) Retention of both LRS and HRS 
over 104 s under a constant read bias of 2 V.  
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Figure S1. (a-f) SEM images of CuTCNQ microrods grown laterally to the Cu surface within 
the ~100 μm groove by reacting fresh TCNQ0 solutions with CUT Cu substrates for six 
consecutive 15 min cycles. Scale bars correspond to 200 μm. 
  
     
21 
 
 
 
Figure S2. SEM images of CuTCNQ microrods grown within the ~100 µm groove after six 
cycles (6 x 15 min) of growth in fresh TCNQ0 solutions, changed at every 15 min interval.  
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Figure S3. Energy Dispersive x-ray (EDX) analysis of CuTCNQ microrods synthesized over 
six 15 min consecutive cycles within the ~100 µm groove created in Cu tape using a sharp 
razor blade to form two distinct islands. The corresponding C Kα and N Kα, O Kα and Cu Lα 
energy levels are labeled in the spectra. Also, shown is the molecular structure of TCNQ, 
representing four N atoms, which matches well with the observed Cu:N atomic ratios of ~1:4 
during each synthesis step. 
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Figure S4. Raman spectra of pristine TCNQ0 powder and CuTCNQ microrods laterally 
grown between two Cu islands over six 15 min consecutive cycles. 
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Figure S5. FTIR spectra of pristine TCNQ and from the laterally grown CuTCNQ microrods 
at different time points after the addition of fresh TCNQ solution after each cycle. No 
evidence of TCNQ0 and TCNQ2- or phase II CuTCNQ was observed during multi-cycle 
growth of long CuTCNQ microrods over 90 min. 
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Figure S6. XPS spectra showing the (a) Cu 2p and (b) N 1s core level spectra from CuTCNQ 
microrods collected after each growth cycle. The absence of satellite peaks in the Cu 2p 
spectra eliminates the existence of a Cu2+ species. The spectra from pristine TCNQ0 are also 
shown. 
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